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SEMICONDUCTOR DEVICE AND METHOD
FOR MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of prior International
Patent Application No. PCT/JP2005/014930, filed Aug. 15,
2003, the entire contents of which are incorporated herein by
reference.

TECHNICAL FIELD

It 1s related to a semiconductor device and a method for
manufacturing the same.

BACKGROUND

Flash memories and ferroelectric memories are known as
non-volatile memories capable of retaining stored informa-
tion even alter power 1s turned off.

Among these, the flash memories have a floating gate
embedded 1n a gate insulating film of an 1nsulated-gate field-
elfect transistor (IGFET) to store information by accumulat-
ing electric charges indicating information to be stored 1n this
tfloating gate. However, 1t 1s required for such a tlash memory
that a tunnel current 1s applied to the gate insulating film at the
time of writing or erasing information. Thus, there 1s a dis-
advantage that a relatively high voltage 1s needed.

In contrast, the ferroelectric memories, which are also
referred to as ferroelectric random access memories (Fe-
RAMSs), store information by utilizing hysteresis character-
1stics of a ferroelectric film with which a ferroelectric capaci-
tor 1s provided. The ferroelectric film 1s polarized depending,
on a voltage applied between upper and lower electrodes of
the capacitor, and spontaneous polarization remains even
alter the voltage 1s turned oif. When polarity of an applying
voltage 1s reversed, the spontaneous polarization is also
reversed. Directions of spontaneous polarization are associ-
ated with “1” and “0”, so that information 1s written in the
terroelectric film. FeRAMSs have advantages that a voltage
required for this writing 1s lower than that required for the
flash memories, and writing can be carried out at a higher
speed than that of the flash memories.

The FeRAMs are broadly classified mnto stack-type
FeRAMSs and planar-type FeRAMs according to their struc-
ture. In the latter planar-type FeRAMs, a MOS transistor
formed 1n a semiconductor substrate and a capacitor lower
clectrode are electrically connected through a metal wiring
over a capacitor. Thus, 1t has a tendency that a planar shape of
the capacitor tends to become larger.

In contrast, 1n the stack-type FeRAMs, a capacitor lower
clectrode 1s formed directly on a contact plug connected to a
source/drain region of a MOS transistor, and the lower elec-
trode and the MOS transistor are electrically connected
through the contact plug. With such a structure, the planar
shape of the capacitor can be made smaller than that of the
planar-type FeRAMSs. Thus, the stack-type FeRAMs have an
advantage 1n miniaturization of FeRAMs which 1s expected
to be required 1n the future.

As the contact plug of the stack-type FeRAMs, a tungsten
plug 1s generally used. However, 1n patent literatures 1 to 4,
there 1s disclosed a configuration that the contact plug i1s
formed of a maternial other than tungsten.

For example, patent literature 1 discloses that the contact
plug 1s formed of polycrystalline or amorphous silicon, and
patent literature 2 discloses that the contact plug 1s formed of
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tungsten nitride. In addition, patent literature 3 discloses that
the contact plug 1s formed of 1ridium, and patent literature 4

discloses that the contact plug 1s formed of 1ridium or ruthe-
nium.

Note that a technology relating to the present embodiments
1s also disclosed 1n patent literature 3.

Patent literature 1: International Publication No. 97/33316,
Pamphlet

Patent literature 2: Japanese Patent Application Laid-open
Publication No. 2001-345432

Patent literature 3: Japanese Patent Application Laid-open
Publication No. 2003-133534

Patent literature 4: Japanese Patent Application Laid-open
Publication No. 2003-31775

Patent literature 5: Japanese Patent Application Laid-open
Publication No. 2004-153031

Incidentally, when a general tungsten plug 1s employed as
the above-described contact plug, a crystal orientation of
tungsten aifects an orientation of a lower electrode on the
plug. Thereby, an orientation of a capacitor dielectric film 1s
not oriented 1n a desired direction 1n some cases. If this 1s the
case, ferroelectric characteristics of the capacitor dielectric
film, such as residual polarization charges, are reduced. This
1s not preferable, since i1t 1s made difficult to perform the
writing and reading operation in the capacitor.

In addition, when a tungsten plug is used as a contact plug
as described above, there 1s a case where a conductive oxygen
barrier 11lm 1s formed between the contact plug and the lower
clectrode 1n order to prevent oxidation of tungsten. In this
case, an orientation of the conductive oxygen barrier film 1s
also affected by a crystal orientation of tungsten. Thus, there
1s a problem that the ferroelectric characteristics of the
capacitor dielectric film are deteriorated, as 1n the case of the
foregoing description.

Such a problem can be caused not only 1n the tungsten plug,
but also 1n the contact plug 1n which crystalline maternal 1s
used. Accordingly, the ferroelectric characteristics of the
capacitor dielectric film are deteriorated even when the crys-
talline materials such as tungsten nitride, iridium, and ruthe-
nium are used for the contact plugs as 1n the Patent literatures
2 t0 4.

In addition, after the capacitor dielectric film 1s formed by
patterning, annealing, which is referred to as recovery anneal-
ing, 1s carried out for the capacitor dielectric film 1n an oxygen
atmosphere to compensate oxygen deficiency caused 1n the
capacitor dielectric film at the time of the patterning. In the
technology of patent literature 1 1n which amorphous silicon
1s employed as the contact plug, contact resistance of the
contact plug can be increased, because a surface of the contact
plug 1s oxidized by the recovery annealing.

SUMMARY

It 1s one aspect of the embodiments discussed herein to
provide a semiconductor device including a semiconductor
substrate, a first impurity diffusion region formed in a surface
layer of the semiconductor substrate, a first insulating film
provided with a first hole over the first impunity diffusion
region, a conductive film, which i1s formed over an inner
surface of the first hole and is electrically connected to the
first impurity diflusion region, a filler body, which 1s formed
on the conductive film with a thickness to fill the first hole,
where the filler body constituting a first contact plug together
with the conductive film, and at least an upper surface of the
filler body being made of amorphous insulating material, and
a capacitor, which 1s formed over the first contact plug and 1s
provided with a lower electrode electrically connected to the
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conductive film, a capacitor dielectric film formed of a ferro-
clectric material, and an upper electrode

These together with other aspects and advantages which
will be subsequently apparent, reside 1n the details of con-
struction and operation as more fully heremaftter described
and claimed, reference being had to the accompanying draw-
ings forming a part hereol, wherein like numerals refer to like
parts throughout.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1M are cross-sectional views showing pro-
cesses ol manufacturing a hypothetical semiconductor
device;:

FIG. 2A 1s an 1image obtained when a cross-section of a
sample 1s observed by using TEM 1n order to check a state of
recesses caused 1n contact plugs;

FI1G. 2B 1s a dark field image of FIG. 2A;

FI1G. 2C shows electron diffraction images i points W to Z
in FIG. 2A;

FIGS. 3A to 3L are cross-sectional views showing pro-
cesses ol manufacturing a semiconductor device according to
a first embodiment;

FIG. 4 1s a cross-sectional view showing a process of
manufacturing a semiconductor device according to a second

embodiment;

FIGS. 5SA to 5H are cross-sectional views showing a pro-
cess ol manufacturing a semiconductor device according to a
third embodiment;

FIGS. 6 A to 6G are cross-sectional views showing a pro-
cess ol manufacturing a semiconductor device according to a
fourth embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments will be descried 1n detail below by referring
to the accompanying drawings.

(Preliminary Explanation)

Prior to describing the embodiments, preliminary explana-
tion of the present embodiments will be given below.

FIGS. 1A to 1M are cross-sectional views showing pro-
cesses of a hypothetical semiconductor device. This semicon-
ductor device 1s a stack-type FeRAM, and 1s manufactured in
the following manner.

Firstly, processes for obtaining a cross-sectional structure
shown 1n FIG. 1A will be described.

A groove for shallow trench 1solation (STT) for defining an
active region of a transistor 1s formed 1n a surface of an n-type
or p-type silicon (semiconductor) substrate 1. An msulating
film, such as silicon oxide, 1s then filled therein to use it as a
device 1solation insulating film 2. Note that a device 1solation
structure 1s not limited to STI, and the device 1solation film 2
may be formed by a local oxidation of silicon (LOCOS)
method.

Subsequently, after forming a p-well 3 by introducing
p-type impurities into the active region of the silicon substrate
1, a surface of the active region 1s thermally oxidized to form
a thermally-oxidized film to be a gate insulating film 4.

After that, an amorphous or polycrystal silicon film 1s
formed on an entire upper surface of the silicon substrate 1,
and this film 1s then patterned 1nto two gate electrodes 5 by
photolithography.

The two gate electrodes 5 are arranged in substantially
parallel at a distance from each other, and constitute a part of
a ward line.

5

10

15

20

25

30

35

40

45

50

55

60

65

4

Then, n-type impurities are introduced into the silicon
substrate 1 beside the gate electrodes 5 by 1on implantation
using the gate electrodes 5 as a mask. Thereby, first and
second source/drain extensions 6a and 65 are formed.

Thereatter, an insulating film 1s formed on the entire upper
surface of the silicon substrate 1, and the insulating film 1s
ctched back to be left beside the gate electrodes 5 as insulating
sidewalls 7. As the insulating film, a silicon oxide film 1s
tformed by the CVD method, for example.

Subsequently, while using the msulating sidewalls 7 and
the gate electrodes 5 as a mask, n-type impurities are 101n-
implanted into the silicon substrate 1 again, so that first and
second source/drain regions (first and second impurity diffu-
s1on regions) 8a and 8b are formed 1n the silicon substrate 1
beside the two gate electrodes 5 at a distance from each other.

By the processes so far, first and second MOS transistors
TR, and TR,, each of which 1s constructed from the gate
isulating film 4, the gate electrode 5, and first and second
source/drain regions 8a and 8b, are formed in the active
region of the silicon substrate 1.

Next, after forming a refractory metal layer such as a cobalt
layer 1s formed on the entire upper surface of the silicon
substrate 1 by the sputtering method, this refractory metal
layer 1s caused to react with silicon by annealing. Thereby, a
refractory metal silicide layer 9 1s formed on the silicon
substrate 1. The refractory metal silicide layer 9 1s also
formed on surface portions of the gate electrodes 5, so that the
resistance of gate electrodes 5 1s lowered.

After that, the refractory metal layer, which 1s left unre-
acted on the device 1solation insulating film 2, and the like, 1s
removed by wet etching.

Subsequently, a silicon nitride (Si1N) film 1s formed as a
cover msulating film 10 with a thickness of approximately 80
nm on the entire upper surface of the silicon substrate 1. After
that, a silicon oxide film as a first insulating film 11 1s formed
with a thickness of approximately 11000 nm on the cover
insulating film 10 by the plasma CVD method using a TEOS
gas.

Thereatter, the upper surface of the first insulating film 11
1s polished and planarized by the chemical mechanical pol-
1shing (CMP) method. As a result of this CMP, the thickness
of the first insulating film 11 becomes approximately 800 nm
on a tlat surface of the silicon substrate 1.

Next, as shown i FI1G. 1B, the cover insulating film 10 and
the first insulating film 11 are patterned by photolithography
to form a second hole 115 over the second source/drain region
86 between the two gate electrodes 5.

Next, as shown 1in FIG. 1C, a titanium film and a titanium
nitride {ilm are formed 1n this order on the upper surface of the
first insulating film 11 and the mnner surface of the second hole
115 by the sputtering method. A laminated film of these films
1s used as a first glue film 12. The titanium {ilm constituting
the first glue film 12 plays a role of making ohmic contact
with the silicon substrate 1.

Subsequently, a first tungsten film 13 1s formed on the first
glue film 12 by the CVD method using a tungsten hexatluo-
ride gas, thereby completely filling the second hole 115 with
the first tungsten film 13.

Incidentally, this tungsten {ilm 13 has a stress stronger than
other films. Accordingly, i1 a film thickness of the tungsten
f1lm 13 1s set to be large, film exioliation 1s possibly caused
due to warp of the silicon substrate 1. To deal with this
problem, the diameter of the second hole 115 1s set as small as
possible, for example to 0.25 um, thereby thinning the mini-
mum thickness required for filling the second hole 115 1n the
present example. According to this, required thickness of the
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tungsten film 13 1s lowered to about 300 nm, so that the film
exfoliation due to the stress of the tungsten film 13 can be
prevented.

Next, as shown 1n FIG. 1D, the excessive first glue film 12
and first tungsten film 13 formed on the first insulating film 11
are polished and removed by the CMP method, so as to leave
these films 12 and 13 in the second hole 115 as a second
contact plug 135. This second contact plug 135 1s electrically
connected to the second source/drain region 85, and consti-
tutes a part of a bit line together with the second source/drain
region 8b.

Here, the second contact plug 135 1s mainly formed of the
first tungsten film 13 as described above. However, tungsten
1s oxidized very easily, and causes contact defect when oxi-
dized during the processes.

To deal with this problem, 1n the next process, as shown in
FIG. 2(b), a silicon oxynitride (S10ON) film 1s formed with a
thickness of approximately 130 nm by the plasma CVD
method as an oxidation preventive mnsulating film 14 for
protecting the second contact plug 135 from an oxidizing
atmosphere.

Thereafter, a silicon oxide film 1s formed as an 1nsulating
adhesive film 15 with a thickness of approximately 200 nm on
the oxidation preventive insulating film 14 by the plasma
CVD method.

Subsequently, as shown i FIG. 1F, the films from the
insulating adhesive film 15 through the cover insulating film
10 are etched by using an unillustrated resist pattern as a
mask. Thereby, first openings 14a are formed 1n the oxidation
preventive msulating film 14, and first holes 11a are formed
under the first openings 14a. The etching 1s carried out by
reactive 10on etching (RIE), which uses a mixed gas of C, F,,
Ar, and O, as an etching gas for example.

Next, as shown 1n FIG. 1G, a second glue film 17 1s formed
in each of the first openings 14q and the first holes 11aq and on
the upper surface of the msulating adhesive film 15 by the
sputtering method. Thereafter a second tungsten film 18 1s
tormed on the second glue film 17 by the CVD method, so that
the first holes 11a are completely filled with the second tung-
sten film 18. Note that similar to the first glue film 12, the
second glue film 17 1s formed by laminating a titanium film
and a titanium nitride film 1n this order, and ohmic contact
with the silicon substrate 1 1s made through the titanium film.

In addition, similar to the first tungsten film 13 described in
FIG. 1C, this second tungsten film 18 also has a strong stress.
Theretore, the diameters of the first holes 11a are set to be
small so that the first holes 11a would be filled even by the
second tungsten film 18 with a thin film thickness. In the
present example, the diameters of the first holes 11a are set to
be as small as 0.25 um, so that the thickness of the second
tungsten {ilm 18 can be thinned to approximately 300 um.
Thereby, the film exfoliation due to the stress of the second
tungsten 18 can be prevented. Note that the minmimum film
thickness of the second tungsten film 18, which 1s required for
filling the first holes 11a completely, 1s typically equal to or
thicker than a half of a diameter of the first hole 11a.

Next, as shown 1n FIG. 1H, the excessive second glue film
17 and second tungsten film 18 formed on the upper surface of
the msulating adhesive film 15 are polished and removed by
the CMP method, so as to leave these films 15 and 17 in the
first holes 11a as first contact plugs 18a.

In this CMP, the msulating adhesive film 15 is used as a
polishing stopper, and thus the polishing is carried out under
a condition where a polishing rate of the second tungsten film
18 becomes higher than that of the msulating adhesive film
15. For this reason, at the time of finishing the CMP, recesses
(concave portions) are formed on the upper surfaces of the
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first contact plugs 18a due to the difference between polishing
rate of the insulating adhesive film 15 and the second tungsten
film 18, as shown 1n the figure.

After that, as shown in FIG. 11, a conductive oxygen barrier
film 20 made of titanium aluminum nitride (T1AIN), or the
like, 1s formed on the first contact plugs 18a. Furthermore,
capacitors (), which are constructed by laminating a lower
clectrode 21a, a capacitor dielectric film 22a, and an upper
electrode 23a 1n this order, are formed on the conductive
oxygen barrier film 20.

Note that the lower electrodes 21a are made of an 1ridium
film which 1s formed with a thickness of approximately 50 to
200 nm by the sputtering method, and the capacitor dielectric
films 22a are made of a lead zirconate titanate (PZT: PbZx-
T10;) film which 1s formed with a thickness of approximately
50 to 150 nm by the metal organic CVD (MOCVD) method.
In addition, the upper electrodes 23a are made of an 1ridium
oxide (IrO,) film which 1s formed with a thickness of approxi-
mately 50 to 200 nm by the sputtering method.

After that, 1n order to recover damages received 1n the
capacitor dielectric films 22a during the etching and sputter-
ing at the time of forming the capacitors (), the capacitors @
are annealed 1n the oxygen atmosphere. Such annealing 1s
also referred to as recovery annealing.

The first contact plugs 18a directly under the capacitors Q@
are protected by the conductive oxygen barrier film 20 formed
thereon from being oxidized during the recovery annealing.
In addition, the second contact plug 135, which constitutes a
part of the bit line, 1s protected by the oxidation preventive
insulating film 14 from being oxidized.

Next, processes for obtaining a cross-sectional structure
shown 1n FIG. 1J will be described.

Firstly, 1n order to protect the capacitor dielectric films 224
from a reducing atmosphere such as hydrogen, an alumina
{1lm with an excellent hydrogen blocking capability 1s formed
with a thickness of approximately 50 nm on the entire upper
surface of the silicon substrate 1 as a capacitor protective
insulating film 40 by the sputtering method.

After that, a silicon oxide film as a second insulating film
41 1s formed on the capacitor protective insulating film 40 by
the plasma CVD method, and thereatter the upper surface of
the second insulating film 41 1s planarized by the CMP
method, so that the thickness of the second insulating film 41
on the flat surface of the silicon substrate 1 becomes approxi-
mately 700 nm.

Then, a first resist pattern 43 provided with first windows
43a 1s formed on the second insulating film 41. Thereafter, the
second insulating {ilm 41 and the capacitor protective insu-
lating film 40 are etched through the first windows 43a to
form third holes 41a on the upper electrodes 23a.

The first resist pattern 43 1s removed after the etching 1s
finished.

After that, 1n order to recover damages received 1n the
capacitor dielectric films 22a during the processes so far, the
s1licon substrate 1 1s placed 1n an unillustrated furnace, and
then the second recovery annealing 1s carried out 1n an oxygen
atmosphere at a substrate temperature of 550° C. for approxi-
mately 40 minutes.

Next, processes for obtaining a cross-sectional structure
shown 1n FIG. 1K will be described.

Firstly, a photoresist 1s coated on the entire upper surface of
the silicon substrate 1. Then, the photoresist 1s exposed and
developed, so that a second resist pattern 435 provided with a
second window 43a over the second contact plug 135 1s
formed.

After that, the films from the second insulating film 41
through the oxidation preventive insulating film 14 are etched




US 8,044,447 B2

7

through the second window 45a of the second resist pattern
45. Thus, a fourth contact hole 415 1s formed 1n the second
insulating film 41 over the second contact plug 135, and a
second opening 145 1s formed 1n the oxidation preventive
insulating film 14 under the fourth contact hole 4154.

Next, as shown 1n FIG. 1L, the second resist pattern 43 1s
removed.

Next, as shown 1n FIG. 1M, third and fourth contact plugs
47a and 47b, which are mainly formed of tungsten, are
respectively formed 1n the third and fourth contact holes 414
and 415b.

After that, a metal laminated film, which 1s mainly formed
of an aluminum film, 1s formed on an upper surtace of each of
the second insulating film 41 and the third and fourth contact
holes 41a and 415 by the sputtering method. Thereatter, the
metal laminated film 1s patterned by photolithography to form
first layer metal wirings 49q and a bit line metal pad 495.

With this, the basic structure of a stack-type FeRAM has
been completed.

In the above-described example, as described 1n FIG. 1H,
the recesses are formed by polishing the upper surfaces of the
first contact plugs 18a by the CMP method.

FIG. 2A 1s an 1image obtained by observing a cross-section
of a sample by use of TEM in order to investigate the recesses.
The sample 1s formed in such a manner that: first contact
plugs 18a are filled 1n the above-described first insulating film
11; thereatter, a titantum aluminum nitride (T1AIN) film to be
a conductive oxygen barrier film 20 (see, FIG. 11) and an
iridium (Ir) film to be a lower electrode 21a are formed 1n this
order; and an oxidation protective insulating film 14 1s further
formed thereon.

As shown 1n FIG. 2A, 1t can be seen that recesses due to
CMP are actually formed 1n the first contact plugs 18a. In
addition, as shown 1n the figure, recessed portions are also
caused 1n the titantum aluminum nitride film and the 1ridium
f1lm on the first contact plugs 18a.

FI1G. 2B 1s a dark field image of the TEM 1mage of the FIG.
2A. As shown 1n the figure, the titantum aluminum nitride
film 1n portions where the recessed portions are formed
becomes darker than other portions. Accordingly, 1t 1s under-
stood that the crystal structure of the recessed portions of the
titanium aluminum nitride film 1s different from that of other
portions. In addition, a tendency similar to this can also be
seen 1n the irdium film.

FI1G. 2C shows electron diffraction images at the points W
to Z 1n FIG. 2A.

As shown 1n FIG. 2C, at the point Y present on the flat
surface of the first insulating film 11, a diffraction line corre-
sponding to a (111) direction of each of the titanium alumi-
num film and the irdium film 1s strongly generated. This
indicates that orientations of the titanium aluminum film and
the 1rndium film are preferable 1n the point Y.

In contrast, in the points W to Z on the first contact plugs
18a, such a strong diffraction line 1s not appeared, which
indicates that the orientations of the titantum aluminum film
and the indium film are deteriorated due to the recesses of the
plugs 18a.

If the onientation of the iridium film 1s deteriorated 1n this
manner, the orientation of the capacitor dielectric film 224
(see FIG. 1M) formed thereon 1s disordered, so that ferroelec-
tric characteristics of the capacitor dielectric film 22a, such as
residual polarization charges, are deteriorated. Accordingly,
it 1s not preferable.

In addition to such a problem of recesses, as shown 1n FIG.
1H, in order to prevent the oxidation of the second contact
plug 1356 constituting the bit line, formation of the second
contact plug 1356 1s needed to be performed 1 a process
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different from that of the first contact plugs 18a directly under
the capacitors, and the upper surface of the second contact

plug 135 needs to be covered by the oxidation preventive
insulating film 14.

However, when the first and second contact plugs 18a and
135 are formed separately, and when the oxidation preventive
insulating film 14 1s formed on the second conductive plug
135 1n this manner, the number of the steps 1n the manufac-
turing process ol a semiconductor device increases, so that
the cost of manufacturing the semiconductor device
INCreases.

With a view to the foregoing problems, the inventor of the
present application has come up with the embodiments
described below.

First Embodiment

FIGS. 3A to 3L are cross-sectional views showing pro-
cesses ol manufacturing a semiconductor device according to
a first embodiment.

In order to manufacture this semiconductor device, the
above-described processes of FIGS. 1A to 1F are firstly car-
ried out.

After that, as shown 1n FIG. 3A, a conductive film 24 1s
formed on an insulating adhesive film 15, 1n a first opening
144, and 1n a first hole 11a.

The conductive film 24 1s formed of a material, which
hardly loses conductivity even after high temperature anneal-
ing, such as recovery annealing to be carried out later, 1s
carried out 1n an oxygen atmosphere. Such conductive film 24
includes, for example, either a single layer film of any one of
a titanium film, a titanium nitride film, a titanium aluminum
nitride film, an 1ridium film, an iridium oxide (IrO,) film, a
platinum {ilm, and a ruthenium film, or a laminated film
formed by laminating at least two of these films. Although
these films can be formed by the sputtering method, the
titanium nitride film may be formed by the CVD method.

Furthermore, a thickness of the conductive film 24 is set to
such a value that the contact resistance with the first source/
drain regions 8a thereunder becomes a designed value. In the
present embodiment, the thickness of the conductive film 24
1s set to 20 to 100 nm, for example.

In the present embodiment, the insulating adhesive film 15
1s formed for the purpose of increasing adhesiveness with a
lower electrode of a capacitor. However, 1n the case where the
adhesiveness of the lower electrode 1s not lost without the
insulating adhesive film 135, the film 15 may be omitted. In this
case, the above-described conductive film 24 1s to be formed
on an oxidation preventive insulating film 14.

After that, a silicon oxide film 1s formed on the conductive
film 24 as an amorphous 1nsulating material film 25 by the
plasma CVD method. Thus, the first opening 14q and the first
hole 11a are filled with the insulating material film 25. This
plasma CVD method uses, for example, a silane (S1H,) gas as
a reaction gas.

The insulating material film 25 1s not limited to the silicon
oxide film as long as it 1s a film formed of an amorphous
insulating material. In place of the silicon oxide film, the
insulating material film 25 may be formed of any one of a
s1licon nitride film, a silicon oxynitride film, and an alumina
f1lm.

Furthermore, a thickness of the insulating material film 25
1s not particularly limited as long as the insulating material
film 25 can completely {ill the first contact hole 114a. In the
present embodiment, the thickness of the insulating material
film 25 1s set to approximately 300 nm over a flat surface of
the silicon substrate 1.
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Next, as shown 1n FIG. 3B, the conductive film 24 and
insulating material {ilm 25 on the insulating adhesive film 15
are polished and removed by the CMP method. Thus, the
insulating material film 25 left in the first opening 14a and the
first hole 11a 1s used as filler bodies 25a. Slurry (an abrasive)
used 1n this CMP method 1s not particularly limited as long as
it 15 to be used for an msulating film. In the present embodi-
ment, for example, slurry manufactured by Cabot Microelec-
tronics Corporation, 1s used as the slurry.

In this CMP, the msulating adhesive film 135 is also pol-
1shed, and the film thickness thereof 1s decreased. However,
by using the above-described slurry for an insulating film, a
polishing rate of the insulating adhesive film 15 becomes
substantially same as that of the insulating material film 25.
Accordingly, the upper surfaces of the insulating material
film 25 and the insulating adhesive film 15 are lowered at a
substantially same rate during CMP. Thus, recesses are not
formed 1n the upper surfaces of the filler bodies 2354 after the
CMP 1s finished.

In the case where the insulating adhesive film 15 1s omatted,
the oxidation protective insulating film 14 1s also polished by
the above-described CMP. However, the polishing rate of the
oxidation protective insulating film 14 1s also substantially
same as that of the insulating material film 25. Therefore,
recesses are not formed 1n the upper surfaces of the filler
bodies 25a as described above.

By this step, first contact plugs 26 in which side and bottom
surfaces of the filler body 254 are covered with the conductive
f1lm 24 are formed 1n the first holes 11a so as to be electrically
connected to the first source/drain regions 8a. As shown in the
figure, heights of the upper surfaces of the first contact plugs
26 become higher by the thicknesses of the oxidation preven-
tive insulating film 14 and the insulating adhesive film 15 than
a height of the upper surface of the second contact plug 135.

After that, each of the upper surfaces of the filler bodies 25a
and the mnsulating adhesive film 15 1s exposed to plasmas of
an ammonia (NH;) gas to reform the upper surfaces. This
processing will be also hereinafter referred to as ammoma
plasma processing.

Conditions for the ammonia plasma processing are not
particularly limited. In the present embodiment, flow rate of
the ammonia gas introduced 1nto a processing chamber 1s set
to 350 sccm, a pressure 1n the chamber 1s set to 1 Torr, a
substrate temperature 1s set to 400° C., power of a high-
frequency power source with a frequency of 13.56 MHz
applied to the substrate 1s set to 100 W, power of a high-
frequency power source with a frequency of 350 kHz sup-
plied to a plasma generation region 1s set to 55 W, a distance
between an electrode and the first insulating film 11 1s set to
350 mals, and a time of plasma exposure 1s set to 60 seconds.

Next, processes for obtaining a cross-sectional structure
shown 1n FIG. 3C will be described.

Firstly, a titanium aluminum nitride (T1AIN) film 1s formed
on the upper surfaces of each of the insulating adhesive film
15 and the first contact plugs 26 by the sputtering method. The
titanium aluminum nitride (T1AIN) film thus formed 1s used
as a conductive oxygen barrier film 20. Since the conductive
oxygen barrier film 20 1s 1n contact with the conductive film
24 constituting the first contact plugs 26, the conductive oxy-
gen barrier film 20 1s electrically connected to the first source/
drain regions 8a through the first contact plugs 26.

Thereafter, an iridium film as a lower electrode conductive
f1lm 21 1s formed with a thickness of approximately 50 to 200
nm, more preferably 100 nm, on the conductive oxygen bar-
rier film 20. Here, since the ammonia plasma processing has
been already carried out on the upper surfaces of the filler
bodies 25a as described above, a lower electrode conductive
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film 21 over the filler bodies 25a 1s easily ortented ina (111)
direction. To effectively obtain such an advantage, 1t 1s pret-
crable that the insulating material constituting the filler bod-
1es 25a be the material 1n which N—H bond can be formed 1n
its surface by the exposure to the ammoma plasma. Such an
insulating material includes silicon oxide or the like. This 1s
also the case for the embodiments to be described below.
Next, a lead zirconate titanate (PZT: PbZrT10,) film as a
terroelectric film 22 1s formed with a thickness of approxi-
mately 50 to 150 nm, more preferably 100 nm, on the lower
clectrode conductive film 21 by a metal orgamic CVD

(MOCVD) method. Film-forming methods of the ferroelec-

tric film 22 include the sputtering method and the sol-gel
method 1n addition to the MOCVD method. Furthermore, the

material of the ferroelectric film 22 1s not limited to the
above-described PZT. The ferroelectric film 22 may be
formed of a Bi layered structure compound such as

SrBi1,1a,0, or SrBi1,(Ta, Nb),O,. Furthermore, the ferroelec-
tric film 22 may be PLZT which 1s formed by doping lantha-
num 1nto PZT, or other metal oxide ferroelectrics.

Thereatter, an iridium oxide (IrO,) film 1s formed with a
thickness of 50 to 200 nm, more preferably 100 nm, on the
terroelectric film 22 by the sputtering method. The 1ridium
oxide film thus formed 1s used as an upper electrode conduc-
tive film 23.

Here, the first contact plugs 26 under the conductive barrier
film 20 are made of the amorphous filler bodies 25a. Conse-
quently, an ornientation of the conductive oxidation barrier
f1lm 20 1s not deteriorated like the case where the contact plug
26 1s made of a crystalline material, for example tungsten.
Accordingly, 1t becomes easy for the lower electrode conduc-
tive film 21 on the conductive film 20 to be spontancously
orientated in the (111) direction. Thus, the orientation of the
terroelectric film 22 1s aligned in the (111) direction by the
preferable orientation of the lower electrode conductive film
21.

Moreover, since recesses are not formed 1n the upper sur-
faces of the filler bodies 25a, the ferroelectric film 22 can be
well oriented over the filler bodies.

Furthermore, by carrying out the above-described ammo-
nia plasma processing on the filler bodies 25a, the orientation
of the lower electrode conductive film 21 1s aligned. By this
reason, too, the ferroelectric film 22 1s well oriented.

In this example, the conductive oxygen barrier film 20 1s
formed for preventing the first contact plugs 26 from being
oxidized. However, 1n the present embodiment, the first con-
tact plugs 26 are not formed of tungsten which is easily
oxidized, and therefore the conductive oxygen barrier film 20
may be omitted. Even 1fthe conductive oxygen barrier {ilm 20
1s omitted like this, the orientation of the ferroelectric film 22
can be improved as described above.

Next, as shown 1n FIG. 3D, a titanium nitride film as a first
hard mask 27 1s formed with a thickness of approximately 200
nm on the upper electrode conductive film 23 by the sputter-
ing method. Then, a silicon oxide film 1s further formed on the
first hard mask 27 by the CVD method as a second hard mask
28. Thereaftter, these hard masks 27 and 28 are patterned into
a capacitor planar shape by photolithography.

Next, as shown 1n FIG. 3E, the portions of the first conduc-
tive film 21, the ferroelectric film 22, and the second conduc-
tive film 23, which are not covered with the first and second
hard masks 27 and 28, are dry-etched at the same time by
using an etching gas including a halogen gas. Thereby,
capacitors ), each of which is constructed by sequentially
laminating a lower electrode 21a which 1s electrically con-
nected to the conductive film 24 of the first contact plug 26, a
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capacitor dielectric film 22a, and an upper electrode 23a, are
tormed on the insulating adhesive film 15.

The film exioliation of the conductive oxygen barrier film
20 under the capacitors Q 1s prevented by the insulating
adhesive film 15. When the conductive oxygen barrier film 20
1s not formed, the film exfoliation of the lower electrodes 21a
constituting the capacitors QQ 1s prevented by the msulating
adhesive film 15.

Thereatfter, the first and second hard masks are removed by
wet etching and dry etching.

Next, as shown 1n FIG. 3F, 1n order to recover damages
received 1n the capacitor dielectric films 22a during the
above-described process of the etching 1n FIG. 3E and the
like, the silicon substrate 1 1s placed 1n an unillustrated fur-
nace, and the first recovery annealing 1s carried out in the
oxygen atmosphere at a substrate temperature of 550° C. for
approximately 40 minutes.

Here, each of the first contact plugs 26 located directly
under the capacitors (Q 1s made of the filler body 25a, which 1s
made of an isulating material, and the conductive film 24 of
a titantum nitride {ilm or the like, which hardly loses conduc-
tivity even after the annealing. Accordingly, even if the recov-
ery annealing 1s carried out in the oxygen atmosphere 1n this
manner, the first contact plugs 26 can be prevented from being,
oxidized, and an increase 1n the contact resistance between
the plugs 26 and the first source/drain regions 8a can be
prevented. Thereby, the contact resistance can be suppressed
low as designed.

Next, processes for obtaining a cross-sectional structure
shown 1n FIG. 3G will be described.

Firstly, in order to protect the capacitor dielectric film 224
from a reducing atmosphere such as hydrogen, an alumina
{1lm with an excellent hydrogen blocking capability 1s formed
with a thickness of approximately 50 nm on the entire upper
surface of the silicon substrate 1. The alumina film thus
formed 1s used as a capacitor protective insulating film 40.

Film forming methods of the capacitor protective insulat-
ing film 40 1s not particularly limited. However, when the
capacitor protective insulating {ilm 40 1s formed by an atomic
layer deposition (ALD) method that 1s excellent 1n a coverage
characteristic, the capacitor protective insulating film 40 can
be formed on the sides of the capacitor Q with good coverage.
Accordingly, a gap between the adjacent capacitors (Q can be
narrowed, so that minmaturization of FeRAM can be pursued.

Thereafter, a second msulating film 41 1s formed on the
capacitor protective insulating film 40 by using a high density
plasma CVD (HDPCVD) method using a silane as a reaction
gas. The space between the two adjacent capacitors Q 1s
completely filled by the second insulating film 41. A thick-
ness of the second insulating film 41 1s not particularly lim-
ited. In the present embodiment, it 1s set to be approximately
700 nm over the flat surface of the silicon substrate 1.

Thereafter, a silicon oxide film as a sacrificial insulating
film 42 1s formed on the second insulating film 41 by the
plasma CVD method using a TEOS gas. A thickness of the
sacrificial msulating film 42 1s, for example, approximately
800 nm over the flat surface of the silicon substrate 1.

Then, as shown in FI1G. 3H, the sacrificial insulating film 42
1s polished by the CMP method to planarize the upper surface
of the second insulating film 41. The thickness of the second

insulating {ilm 41 1s made to approximately 700 nm over the
flat surface of the silicon substrate 1 by this CMP.
Next, processes for obtaining a cross-sectional structure

shown 1n FIG. 31 will be described.
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Firstly, a photoresist 1s coated on the second insulating film
41, and 1s exposed and developed to form a first resist pattern
43 provided with hole-shaped first windows 43a over the
upper electrode 23a.

Then, the second isulating film 41 and the capacitor pro-
tective mnsulating film 40 are etched through the first windows
43a to form third holes 41a with a depth reaching the upper
clectrode 234 1n these insulating films 40 and 41. This etching
1s carried out 1n a parallel plate-type plasma etching chamber
using a mixed gas of C,F,, Ar, and O, as an etching gas, and
apressure 1s set to be 2 to 7 Pa during the etching. In addition,
high-frequency power with a frequency of 13.56 MHz and
power ol 1 to 2.5 kW 1s applied to an upper electrode of the
ctching chamber, so that the above etching gas 1s converted to
plasma.

After this etching 1s finished, the first resist pattern 43 1s
removed.

Then, 1n order to recover damages received in the capacitor
dielectric film 22a during the processes so far, the silicon
substrate 1 1s placed in an umillustrated furnace, and the
second recovery annealing 1s carried out 1n the oxygen atmo-
sphere at a substrate temperature of 550° C. for approxi-
mately 40 minutes.

Next, as shown 1n FIG. 3], a photoresist 1s coated on the
second 1insulating film 41 again, and the photoresist 1s
exposed and developed to form a second resist pattern 45. By
this development, hole-shaped second windows 45a are
formed 1n the second resist pattern 45 over the second contact
plug 135.

Thereatter, the films from the second insulating film 41
through the oxidation preventive insulating film 14 are etched
through the second windows 45a, so that a forth hole 415 1s
formed in the second insulating film 41, and a second opening
145 1s formed 1n the oxidation preventive isulating film 14.
This etching 1s carried out in a parallel plate plasma etching
equipment using a mixed gas of C Fq, Ar, O,, and CO as an
etching gas.

Next, as shown 1n FIG. 3K, the second resist pattern 45 1s
removed.

As described above, the deep fourth hole 415 over the
second source/drain region 8b 1s formed 1n the different step
than that for forming the shallow third hole 41a over the upper
clectrodes 23a. Consequently, the upper electrodes 23a under
the third shallow holes 41a can be prevented from being
exposed to the etching atmosphere for a long time, and the
deterioration of the capacitor dielectric films 22a thereunder
can be suppressed.

Furthermore, the second contact plug 136 on the second
source/drain region 8b 1s covered with the oxidation preven-
tive mnsulating film 14 until the present step 1s finished.
Accordingly, the contact defect, which 1s caused by oxidation
of tungsten constituting the second contact plug 135, 1s pre-
vented.

Next, processes for obtaining a cross-sectional structure
shown 1n FIG. 3L will be described.

Firstly, a titanium nitride film as a barrier metal film 1s
formed with a thickness of approximately 50 nm on the upper
surface of the second insulating film 41 and each of inner
surfaces of the third and fourth holes 41a and 415 by the
sputtering method. Then, a tungsten film 1s formed on the
barrier metal film with a thickness suificient to fill the third
and fourth holes 41a and 415, for example, a thickness o1 300
nm on the tlat surface of the second insulating film 41.

Thereatter, the excessive barrier metal film and tungsten
film on the second insulating film 41 are polished and
removed by the CMP method. The barrier metal film and the
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tungsten film 1s thus lett in the third and fourth holes 41a and
415 as third and fourth contact plugs 47a and 47b, respec-
tively.

Among these contact plugs, the third contact plugs 47a are
clectrically connected to the upper electrodes 23a. Then, the
tourth contact plug 475 1s electrically connected to the second
contact plug 135, and constitutes a part of the bit line together
with the second contact plug 135.

After that, a metal laminated film 1s formed on the second
insulating {ilm 41 by the sputtering method. The metal lami-
nated film 1s then patterned to form first layer metal wirings
49a and a bit line metal pad 496. The metal laminated film 1s
formed by laminating, for example, a titanium nitride film
with a thickness of approximately 50 nm, an aluminum film
with a thickness of approximately 360 nm, and a titanium
nitride film with a thickness of approximately 70 nm 1n this
order.

By the processes so far, the basic structure of the semicon-
ductor device according to the present embodiment has been
completed.

In this semiconductor device, the second contact plug 135
and the fourth contact plug 475, each serving as a part of the
bit line, constitute a via-to-via structure. In the case where a
logic-embedded FeR AM 1s manufactured by forming a logic
circuit on the silicon substrate 1 1n addition to the capacitors
Q, the electric connection between a source/drain region of a
MOS transistor 1in the logic circuit and first metal wirings 1s
also made by this via-to-via structure.

According to the above-described present embodiment, as
shown 1n FIG. 3L, the first contact plugs 26 located directly
under the capacitors Q are formed by covering the side and
bottom surfaces of the amorphous filler bodies 25a with the
conductive film 24. Since the filler bodies 235a are amorphous,
the ortentations of the conductive oxygen barrier films 20,
which 1s in contact with the filler bodies, and lower electrodes
21a are not atlected by the filler bodies 25a. Thus, the orien-
tations of the conductive oxygen barrier films 20 and lower
clectrodes 21q are aligned 1n the (111) direction that 1s pret-
erable for increasing residual polarization charges of the
capacitor dielectric film 22a. As a result, the orientation of the
capacitor dielectric films 22a are also aligned in the (111)
direction by the effect of the lower electrodes 21a. Thus, the
residual polarization charges of the capacitor dielectric films
22a are increased, so that it can be easily performed to write
and read out information 1n the capacitor Q.

Furthermore, as described 1n FIG. 3B, the CMP polishing
rates of the mnsulating adhesive film 15 and 1insulating material
film 25 are substantially same, and thus recesses are not
formed 1n the filler bodies 25a due to this CMP. Accordingly,
the deterioration of the orientation of the capacitor dielectric
f1lm 22a due to the recesses can be suppressed, and the fer-
roelectric characteristics of the capacitor dielectric film 22a,
such as residual polarization charges and the like, can be
turther enhanced. Even 11 the insulating material film 15 1s not
formed, similar to the aforementioned case, recesses can be
prevented from being formed 1n the filler bodies 25a because
the polishing rates of the oxidation preventive insulating film
14 and 1nsulating matenal film 25 are substantially same.

Moreover, the filler bodies 25a are formed of an 1nsulating
material, and the conductive film covering the filler bodies
25a 1s formed of a titanium nitride film or the like which 1s
hardly oxidized. Thus, even if the recovery annealing 1s car-
ried out in the oxygen atmosphere 1n the processes of FIGS.
3F and 3], the first contact plugs 26 directly under the capaci-
tors Q are hardly oxidized. Accordingly, the contact resis-
tance between the first contact plugs 26 and first source/drain
regions 8a can be kept low.
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Second Embodiment

FIG. 4 1s a cross-sectional view of a semiconductor device
according to a second embodiment. Note that same reference
numerals are given to denote components same as those
described 1n the first embodiment, and the description thereof
will be omatted.

In the present embodiment, as shown 1n FIG. 4, diameters
of first contact plugs 26 are set to be larger than that of the
second contact plug 135. The configuration other than this 1s
the same as that of the first embodiment.

As described 1in FIG. 1G, when the first holes 11« are filled
by the second tungsten film 18, 1n order to prevent the occur-
rence of film exfoliation due to the strong stress of tungsten,
it 1s required that the diameters of the first holes 11a be set to
be small so that the holes 11a can be filled with the thin second
tungsten film 18.

In contrast, 1n the first embodiment, as described 1n FIG.
3 A, the first holes 11q are filled with the msulating material
film 25, and thus there 1s no need to be concerned about the
film exfoliation caused by the stress seen 1n the tungsten film.
Accordingly, there 1s no limitation to the diameters of the first
holes 11a.

In order to sutficiently utilize such freedom for designing a
first hole 114, as shown 1n FI1G. 4, a diameter of the first hole
11a 1s set to be larger than that of the second hole 116 1n the
present embodiment. As long as the conductive film 24 1s
clectrically connected to the lower electrode 21a, the first
hole 11a may protrude from the capacitor Q as shown 1n the
figure.

According to this structure, an aspect ratio of the first hole
11a becomes smaller. Thus, high step coverage 1s not required
for the conductive film 24 formed in the first hole 11a. There-
fore, even if the conductive film 24 1s formed by an inexpen-
stve sputtering method that the step coverage 1s relatively bad,
a void 1s difficult to be formed 1n the conductive film 24.
Consequently, the contact defect to be caused in the first
contact plugs 26 can be suppressed.

Third Embodiment

FIGS. 5A to SH are cross-sectional views showing pro-
cesses of manufacturing a semiconductor device according to
a third embodiment. Note that 1n these figures, same reference
numerals are given to denote components same as those
described 1n the first and second embodiments, and the
description thereol will be omutted.

Firstly, the above-described cross-sectional structure of
FIG. 1A 1s obtained 1n order to manufacture this semiconduc-
tor device. Subsequently, as shown 1n FIG. SA, a photoresist
1s coated on a first insulating film 11, and then the photoresist
1s exposed and developed to form a first resist pattern 30
provided with first and second windows 30a and 3056 over first
and second source/drain regions 8a and 85, respectively.

Thereatter, the first insulating film 11 and the cover 1nsu-
lating film 10 are etched through the first and second windows
30a and 305 so as to form first and second contact holes 11a
and 115 1n the first mnsulating film 11. This etching 1s carried
out by RIE. A mixed gas of C F,, Ar, and O, 1s used as an
ctching gas 1n this etching.

The first resist pattern 30 1s removed aiter this etching 1s
finished.

Next, as shown in FIG. 5B, a titanium nitride film 1s formed
on each of inner surfaces of the first and second contact holes
11a and 115 and on an upper surface of the first insulating {ilm
11 by the sputtering method as a conductive film 16. The
conductive film 16 1s not limited to the titanium nitride film as
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long as 1t 1s such a film that hardly loses conductivity even by
high-temperature annealing 1n an oxygen atmosphere, such
as recovery annealing. Such films include either a single layer
film of any one of a titanium film, a titanium nitride film, a
fitanium aluminum nitride film, an iridium film, an 1indium
oxide (IrO,) film, a platinum film, and a ruthenium film, or a
laminated film formed by laminating at least two of these
f1lms.

Note that the titanium nitride film may be formed not by the
sputtering method but by the CVD method.

Furthermore, a thickness of the conductive film 16 1s set so
that contact resistance with the first and second source/drain
regions 8a and 86 thereunder would be a designed value. In
the present embodiment, the thickness of the conductive film
16 1s set to be, for example, 20 to 100 nm.

Thereafter, a tungsten film as a conductive material film 19
1s formed on the conductive film 16 by the CVD method using
a hexafluoride tungsten gas. The first and second holes 11a
and 115 are completely filled by the conductive material film
19.

Next, as shown 1in FIG. 5S¢, the excessive conductive film 16
and conductive material film 19 formed on the first conduc-
tive film 11 are polished and removed by the CMP method to
leave the conductive matenial film 19 as lower filler bodies
194 1n the first and second holes 114 and 115. With this, lower
plugs 31 constructed from the lower filing bodies 194 and the
conductive material film 16 covering side and bottom sur-
faces thereof are formed 1n the holes 11a and 115.

Next, as shown i FIG. 8D, a silicon oxynitride film 1s
formed with a thickness of approximately 130 nm by the
plasma CVD method as an oxidation preventive msulating,
f1lm 14 for protecting the lower plugs 31 from being oxidized.

Thereafter, a silicon oxide film 1s formed with a thickness
ol approximately 200 nm on the oxidation preventive 1nsu-
lating film 14 by the plasma CVD method. The silicon oxide
f1lm thus formed 1s used as an imnsulating adhesive film 15. The
insulating adhesive film 15 plays a role to improve adhesion
strength with a lower electrode of a capacitor. However, 1f the
adhesion strength 1s secured without forming the msulating
adhesive film 15, the insulating adhesive film 15 may be

omitted.

Next, processes for obtaining a cross-sectional structure
shown 1n FIG. 5E will be described.

Firstly, a photoresist 1s coated on the nsulating adhesive
f1lm 15, and then the photoresist 1s exposed and developed to
form a second resist pattern 34 provided with third windows
34a over first holes 11a. Then, the insulating adhesive film 135
and the oxidation preventive insulating film 14 are etched
through the third windows 34a, so that first openings 14a are
tormed 1n the oxidation preventive mnsulating film 14 over the
first source/drain regions 8a. Note that this etching 1s carried
out by RIE for example, and amixed gas of C,F, CF,, Ar, and
CO 1s used as an etching gas for each of the msulating adhe-
stve film 15 and the oxidation preventive insulating film 14.

Thereafter, the second resist pattern 34 1s removed.

Next, as shown 1n FIG. 5F, a titanium film 1s formed as an
upper conductive film 36 with a thickness of approximately
50 nm on the 1nner surfaces of the first openings 14a and the
upper surface of the insulating adhesive film 135 by the sput-
tering method. It 1s preferable that a film with a high oxygen
barrierability be used as the upper conductive film 36 1n order
to prevent the oxidation of the lower plugs 31, which are
mainly formed of tungsten. Such films 1include either a single
layer film of any one of a titan1um film, a titantum nitride film,
a titanium aluminum nitride film, an iridium film, an 1ridium
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oxide (IrO,) film, a platinum film, and ruthenium film, or a
laminated film formed by laminating at least two of these
{1lms.

In addition, as shown 1n the figure, the upper conductive
f1lm 36 1s 1n contact with the conductive film 16 of the lower
plugs 31. Thereby, the upper conductive 1ilm 36 1s electrically
connected to the conductive film 16.

Thereatter, a silicon oxide film 1s formed as an amorphous
insulating material film 37 on the upper conductive film 36 by
the plasma CVD method using a silane gas. The nsulating
material film 37 completely fills the first openings 14a. Simi-
lar to the upper conductive film 36, it 1s preferable that the
amorphous insulating material film 37 be a film with high
oxygen barrierability, which 1s capable of preventing the oxi-
dation of the lower plugs 31. Such films include a silicon
oxide f1lm, a silicon nitride film, a silicon oxynitride film, and
an alumina film.

Next, as shown 1n FIG. 5G, the excessive upper conductive
film 36 and insulating material film 37 formed on the 1nsu-
lating adhesive film 15 are polished and removed by the CMP
method to leave the insulating material film 37 only 1n the first
openings 14a as upper filler bodies 37a. This CMP method
uses slurry for an msulating film, for example, slurry manu-
factured by Cabot Microelectronics Corporation. The 1nsu-
lating material film 37 and the insulating adhesive film 15
have substantially same polishing rates for the slurry for an
insulating film. Thus, recesses are not formed 1n the upper
surfaces of the upper filler bodies 37a even after the polishing
1s finished. Note that even 1f the insulating adhesive film 15 1s
not formed, for a reason same as that described above,
recesses are not formed 1 upper surfaces of the upper filler
bodies 37a because the polishing rate of the oxidation pre-
ventive msulating film 14 1s substantially same as that of the
insulating material film 37.

With this, upper plugs 38, each of which 1s constructed
from the upper filler body 37a and the upper conductive film
36 covering the side and bottom surfaces thereof are formed
in the first openings 14a. Furthermore, the upper plugs 38 are
clectrically connected to the lower plugs 31 thereunder, and
constitute first contact plugs 39 together with the lower plugs
31.

Note that ammomnia plasma processing may be carried out
on the upper filler bodies 37a under conditions described 1n
the first embodiment after forming the upper plugs 38 as
described above, so that lower electrodes 21a to be formed 1n
the next process would be easily orientated 1n a (111) direc-
tion.

Thereaftter, by carrying out the processes of FIGS. 3C to 3L
described 1n the first embodiment, as shown in FIG. 5H,
capacitors () that are electrically connected to the first contact
plugs 39 are formed. As shown 1n the figure, a fourth contact
plug 475 constituting the bit line forms a via-to-via structure
together with the lower plug 31 thereunder. Simailar to the first
embodiment, it a logic-embedded FeRAM 1s manufactured,
the electric connection between a source/drain region of a
MOS transistor 1n the logic circuit and a first metal wiring 1s
also made with the via-to-via structure.

With this, the basic structure of the semiconductor device
according to the present embodiment has been completed.

According to this semiconductor device, as shown 1n FIG.
5H, each of the first contact plugs 39 directly under the
capacitors Q 1s constructed from the lower plug 31 and the
upper plug 38. Of these plugs, the upper plugs 38 are formed
in the oxidation preventive insulating film 14 formed over the
gate electrodes 5. Accordingly, even 1f the upper plugs 38 are
laterally displaced, the upper plugs 38 are prevented from
coming in contact with or coming extremely close to the gate
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clectrodes 3, so that a design margin and process margin of
the upper plugs 38 can be widened.

Furthermore, since the upper filler bodies 37a constituting,
the upper plugs 38 are amorphous, orientations of the lower
clectrodes 21a are not deteriorated by the upper-level plugs
38. Consequently, capacitor dielectric films 22a can be well
oriented by the orientations of the lower electrodes 21a. As a
result, the dielectric characteristics of the capacitor dielectric
films 22a can be increased.

Moreover, as described by referring to FIG. 3G, 1n the
process of forming the upper filler bodies 37a 1n the first
openings 14a by the CMP polishing, the polishing rates of the
insulating material film 37 and the mnsulating adhesive film 135
are substantially same. Thus, recesses are not formed in the
upper surfaces of the upper filler bodies 37a. Accordingly, the
lower electrodes 21a of the capacitors QQ can be formed on a
flat surface where unevenness 1s almost absent, so that the
orientations of the capacitor dielectric films 22a can be pre-
vented from being deteriorated due to the unevenness of the
underlying layer.

Fourth Embodiment

FIGS. 6A to 6G are cross-sectional views showing pro-
cesses of manufacturing a semiconductor device according to
a fourth embodiment. Note that in these figures, same refer-
ence numerals are given to denote components same as those
described 1n the first to third embodiments, and the descrip-
tion thereof will be omitted below.

In order to manufacture a semiconductor device according
to the present embodiment, firstly, as described 1n FIG. 5A of
the third embodiment, first and second contact holes 114 and
115 are formed 1n a first insulating film 11. Then, as shown 1n
FIG. 6 A, after removing a first resist pattern 30, a conductive
f1lm 50 1s formed by the sputtering method on mner surfaces
of the first and second contact holes 11a and 115 and an upper
surface of the first mnsulating film 11. The material of this
conductive film 30 1s not particularly limited. In the present
embodiment, either a single layer film of any one of a titanium
film, a titanium nitride film, a titantum aluminum nitride film,
an 1ridium film, an 1ridium oxide film, a platinum film, and a
ruthenium film, or a laminated film formed by laminating at
least two of these films, 1s used as the conductive film 50.

In addition, a thickness of the conductive film 50 1s set so
that contact resistance with first source/drain regions 8a
would be a designed value. In the present embodiment, the
thickness 1s set to be approximately, for example, 20 to 70 nm.

After that, a tungsten {ilm 1s formed on the conductive film
50 as a conductive material {ilm 51 by the CVD method. The
first and second contact holes 11a and 115 are completely
filled by the conductive material film 31.

Subsequently, a silicon substrate 1 1s placed 1n an umllus-
trated parallel plate-type plasma etching chamber. A substrate
temperature 1s stabilized at approximately 30° C., and there-
after SF . with a flow rate of 400 ml per minute and oxygen
with a flow rate of 200 ml per minute are supplied to the
etching equipment as etching gases. Then, high-frequency
power of 300 W 1s applied to an upper electrode 1n the cham-
ber, and the conductive material {ilm 51 1s selectively etched
back under a condition with pressure of 60 Pa.

With this, the thickness of the conductive material film 51
can be reduced while the conductive film 50 1s left on the
upper surtace of the first insulating film 11. Accordingly,
lower filler bodies 51a made of this conductive maternal film
51 are formed 1n an intermediate depth of the first and second
contact holes 11a and 1154.
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In addition, an etching amount of the above-described
etch-back 1s not particularly limited. In the present embodi-
ment, the etching amount 1s set so that the upper surfaces of
the lower filler bodies 51a would be lower than the upper
surface of the first insulating film 11 by approximately 50 to
100 nm.

Next, as shown 1n FIG. 6B, a silicon oxynitride film as an
amorphous insulating material film 352 1s formed on each of
the lower filler bodies 51a and the conductive film 50 by the
plasma CVD method. The first and second contact holes 11a
and 115 are completely filled by the isulating material film
52.

It 1s preferable that the insulating material film 52 be
formed of an amorphous insulating film, which 1s excellent 1n
oxygen barrierability, 1n order to prevent oxidation of the
lower filler bodies 51a. The films having such a characteristic
include a silicon nitride film and an alumina film 1n addition
to the silicon oxymitride film. The 1mnsulating material film 52
may be formed of a signal layer film of any one of these films,
or a laminated film formed by laminating at least two of these
f1lms.

Next, as shown 1n FI1G. 6C, the insulating material film 52
and the conductive film 50 are polished by the CMP method.
Thus, the excessive msulating material film 52 and conduc-
tive film 50 on the first insulating film 11 are removed to leave
the insulating material film 52 1n the first and second contact
holes 11a and 115 as upper filler bodies 52a.

Slurry used 1n this CMP 1s not particularly limited as long
as 1t 1s to be used for an insulating film. In the present embodi-
ment, slurry manufactured by Cabot Microelectronics Cor-
poration 1s used.

Since the first insulating {ilm 11 and the insulating material
f1lm 52 have substantially same polishing rates for such slurry
for an insulating film, recesses are not formed 1n the upper
surfaces of the upper filler bodies 524 after the CMP 1s fin-
1shed.

In addition, the upper filler body 52a constitutes a filler
body 53 together with the lower filler body 51a thereunder.
With this, first and second contact plugs 54a and 545, each of
which 1s formed by covering the side and bottom surfaces of
the filler body 53 with the conductive film 50, are formed 1n
the first and second contact holes 11a and 115 so as to be
clectrically connected to first and second source/drain regions
8a and 8b, respectively.

Furthermore, in the above-described step of FIG. 6 A, the
conductive material film 31 1s etched back so that the upper
surtaces of the lower filler bodies 51a would be lowered from
the upper surface of the first imnsulating film 11 by approxi-
mately 50 to 100 nm. Accordingly, the thickness of the upper
filler bodies 52a becomes approximately 50 to 100 nm, which
1s suilicient to prevent the oxidation of the lower filler bodies
51a. Theretore, the lower filler bodies 51a can be prevented
from causing contact defect due to oxidation thereof even 1f
recovery annealing or the like 1s carried out 1n an oxygen
atmosphere.

Note that, after the upper filler bodies 52a are formed,
ammonia plasma processing may be carried out on the upper
filler bodies 52a under the conditions described in the first
embodiment so that lower electrodes 21a to be formed later
on the upper filing bodies 52a would be easily oniented 1n a
(111) direction.

Thereatter, by carrying out the above-described processes
of FIGS. 3C to 3F, as shown 1n FIG. 6D, capacitors () that 1s
clectrically connected to the first contact plugs 54a are
formed.

Note that in the present embodiment, as shown in FI1G. 6D,
a conductive oxygen barrier {ilm 20 made of a titantum alu-
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minum nitride or the like 1s formed between the lower elec-
trode 21a and the first contact plug 54a 1n order to prevent
oxidation of the lower filler bodies 51a made of tungsten.
However, the conductive oxygen barrier film 20 1s optional.

The oxygen barrier film 20 may be omitted, if the oxidation of 5

the lower filler bodies 51a can be prevented only by the upper
filler bodies 52a with oxygen barrierability.

Next, the above-described processes of FIGS. 3G to 31 are
carried out. With this, as shown in FIG. 6E, third holes 414 are
tformed 1n the second 1nsulating film 41 over the capacitors @
by etching using the first resist pattern 43 as a mask.

Then, after removing the first resist pattern 43, in order to
recover damages recerved in the capacitor dielectric films 224
during the processes so far, the silicon substrate 1 1s placed 1n
an unillustrated furnace, and recovery annealing 1s carried out
in the oxygen atmosphere at a substrate temperature of 550°
C. for approximately 40 minutes.

Next, processes for obtaining a cross-sectional structure
shown 1n FIG. 6F will be described. Firstly, a photoresist 1s
coated on the second mnsulating film 41, and 1s subjected to
exposure and development to form a second resist pattern 43
provided with second windows 45a over the second contact
plug 545.

Subsequently, a mixed gas of C,Fq, Ar, O,, and CO 1s
supplied to a parallel plate-type plasma etching chamber as an
etching gas for example, so that the second isulating film 41
and the capacitor protective insulating film 40 are etched
through the second window 45¢q to form a fourth hole 415 1n
the second 1nsulating film 41.

Here, the etching gas also has an effect to etch the upper
filler body 52a (see FIG. 6E) made of silicon oxynitride under
the fourth hole 415. Theretfore, during this etching, the upper
filler body 52a under the fourth hole 415 1s etched, and the
upper surface of the lower filler body 51a thereunder 1s
exposed.

Thereafter, the second resist pattern 45 1s removed.

Next, by carrying out the process of FIG. 3L described 1n
the first embodiment, as shown in FIG. 6G, third and fourth
contact plugs 47aq and 475 are respectively formed 1n the third
and fourth holes 41a and 415. Of these contact plugs, the
fourth contact plug 475 1s directly connected to the lower
filler body 51a 1n the second hole 115 and 1s electrically
connected to the second source/drain region 86 through the
lower filler body S1a.

In addition, the fourth contact plug 475 and the lower filler
body 51a each constituting a part of the bit line form a via-
to-via structure. If a logic-embedded FeRAM 1s manufac-
tured, a source/drain region 1n a logic circuit and a first layer
metal wiring are electrically connected with this via-to-via
structure.

With this, the basic structure of the semiconductor device
according to the present embodiment has been completed.

According to this semiconductor device, as described 1n
FIG. 6C, the lower filler body 51a made of tungsten, which 1s
casily oxidized, 1s covered with the upper filler body 52a 1n
the second contact plug 545 for the bit line, so that the lower
filler body 51a can be protected by the upper filler body 52a
from being oxidized. Accordingly, unlike the first embodi-
ment, 1t 15 not necessary to form the oxidation preventive
insulating film 15 for the purpose of preventing the oxidation
of the second contact plug 135 (see FIG. 3B), so that the
manufacturing processes are simplified.

Furthermore, as described in FIGS. 6 A to 6D, the oxidation
preventive insulating film 135 1s not formed as described
above, so that the first contact plugs 34a directly under the
capacitors (Q and the second contact plug 545 for the bit line
can be formed in the same process. Thus, 1n the present
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embodiment, the processes of manufacturing a FeRAM can
be stmplified when compared with the first to third embodi-
ments 1n which these contact plugs are separately formed.
In addition, 1n the present embodiment, as shown 1n FIG.
6G, the upper surtaces of the first contact plugs 54aq directly
under the capacitors QQ are formed of the upper filler bodies
52a made of an amorphous insulating film. Thereby, the
orientations of the lower electrodes 21a are suppressed from
being deteriorated by the crystallinity of the first contact
plugs 54a, and the orientations of the lower electrodes 21a
can be increased. As a result, the orientation of the capacitor
dielectric films 22a can be also increased by the effect of the

orientations of the lower electrodes 21a, so that a capacitor
dielectric film 22a with excellent ferroelectric characteristics
can be formed, and a FeRAM with a capacitor of high quality
can be provided.

Furthermore, as described in FIG. 6C, 1n the step of pol-
ishing the insulating material film 52 by the CMP method to
form the upper filler bodies 52a, the polishing rates of the
insulating material {ilm 52 and the first insulating film 11 are
substantially same. Thus, recesses are not formed 1n the upper
filler bodies 52a after the polishing. As a result, the flatness of
the upper surfaces of the first contact plugs 54a and first
insulating film 11 1s increased. Therelfore, the orientations of
the lower electrodes 21a and the capacitor dielectric films 224
formed thereon are increased, and hence the quality of the
capacitors Q can be further improved.

The foregoing 1s considered as 1llustrative only of the prin-
ciples of the present invention. Further, since numerous modi-
fications and changes will readily occur to those skilled in the
art, 1t 1s not desired to limit the invention to the exact con-
struction and applications shown and described, and accord-
ingly, all suitable modifications and equivalents may be
regarded as falling within the scope of the ivention 1n the
appended claims and their equivalents.

What 1s claimed 1s:

1. A semiconductor device comprising:

a semiconductor substrate:

a first impurity diffusion region formed 1n a surface layer of
the semiconductor substrate;

a first insulating film provided with a first hole over the first
impurity diffusion region;

a conductive film, which 1s formed over an 1inner surface of
the first hole and 1s electrically connected to the first
impurity diffusion region;

a filler body, which 1s formed over the conductive film and
formed 1n the first hole with a thickness to fill the first
hole, where the filler body constituting a first contact
plug together with the conductive film, and at least an
upper surface of the filler body being made of amor-
phous insulating material, and the filler body being
removed outside the first hole; and

a capacitor, which 1s formed over the first contact plug and
1s provided with a lower electrode electrically connected
to the conductive film, a capacitor dielectric film formed
of a ferroelectric material, and an upper electrode.

2. The semiconductor device according to claim 1, wherein

the upper surface of the filler body 1s planarized.

3. The semiconductor device according to claim 1, wherein
all portions of the filler body 1s made of the insulating mate-
rial.

4. The semiconductor device according to claim 1, further
comprising an oxidation preventive insulating film formed
over the first insulating film and having a first opening over

the first hole,
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wherein the first contact plug 1s constructed from a lower
plug formed 1n the first hole and an upper plug formed in
the first opening.

5. The semiconductor device according to claim 1, wherein
the filler body has a lower filler body made of a conductive
material filling an intermediate depth of the first hole, and an
upper filler body which 1s formed over the lower filler body
and 1s made of the msulating material.

6. The semiconductor device according to claim 1, wherein

the conductive film 1s either a single layer film of any one of
a titanium film, a titanium nitride film, a titanium aluminum
nitride film, an iridium film, an 1irndium oxide film, a platinum
film, and a ruthenium film or a laminated film formed by
laminating at least two of these films.

7. The semiconductor device according to claim 1, wherein
the amorphous insulating material 1s any one of silicon oxide,
s1licon nitride, silicon oxynitride, and alumina.

8. The semiconductor device according to claim 3,
wherein, a second hole 1s formed 1n the first insulating film at
a distance from the first hole, and the semiconductor device
turther comprising:

a second impurity diffusion region formed 1n a surface
layer of the semiconductor substrate under the second
hole;

a second contact plug, which 1s formed in the second hole
and has a height of an upper surface lower than the first
contact plug and 1s electrically connected to the second
impurity diffusion region;

an oxidation preventive insulating film, which 1s formed
over the first insulating {ilm, where the oxidation pre-
ventive msulating film having a first opening over the
first hole 1 which the first contact plug 1s formed, and
having a second openming over the second hole;

a second isulating film, which covers the capacitor and
has third hole over the upper electrode and fourth hole
over the second opening;

a third contact plug, which 1s formed 1n the third hole and
1s electrically connected to the upper electrode; and

a fourth contact plug, which 1s formed in the fourth hole
and the second opening and 1s electrically connected to
the second contact plug.

9. The semiconductor device according to claim 4, wherein

the lower plug has the conductive film and a lower filler
body made of a conductive material; and

the upper plug has an upper filler body made of the insu-
lating material, and an upper conductive film, which
covers side and bottom surfaces of the upper filler body
and 1s electrically connected to the conductive film.

10. The semiconductor device according to claim 8,
wherein a diameter of the first contact plug is larger than a
diameter of the second contact plug.

11. A method for manufacturing a semiconductor device,
comprising:

forming a first impurity diffusion region in a surface layer
of a semiconductor substrate;

forming a first insulating film over the semiconductor sub-
strate;

forming a first hole 1n the first insulating {ilm over the first
impurity diffusion region by patterning the first insulat-
ing {ilm;

forming a conductive film on an 1nner surface of the first
hole;

forming a filler body over the conductive film and in the
first hole, and making the filler body and the conductive
film 1nto a first contact plug, where at least upper surface
of the filler body being made of amorphous insulating
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material, and the filer body having a thickness to fill the
first hole, and the filler body being removed outside the
first hole; and

forming a capacitor by sequentially laminating, over the

first contact plug, a lower electrode electrically con-
nected to the conductive film, a capacitor dielectric film
made of a ferroelectric material, and an upper electrode.

12. The method for manufacturing a semiconductor device
according to claim 11, further comprising:

forming a second impurity diffusion region 1n the surface

layer of the semiconductor substrate at a distance from
the first impurity diffusion region;

forming a second hole 1n the first insulating film over the

second 1mpurity diffusion region by patterning the first
insulating film;

forming a second contact plug, which 1s electrically con-

nected to the second impurity diffusion region, in the
second hole; and

forming an oxidation preventive msulating film over each

of the first msulating film and the second contact plug
betfore forming the first hole,

wherein, when forming the first hole, a first opening is

formed 1n the oxidation preventive insulating film over
the first hole.

13. The method for manufacturing a semiconductor device
according to claim 12, further comprising;

forming a second 1nsulating film covering the capacitor;

forming a third hole 1n the second insulating film over the

upper electrode;

forming a fourth hole in the second 1nsulating film over the

second hole, and forming a second opening in the oxi-
dation preventive msulating film under the fourth hole;
forming a third contact plug, which 1s electrically con-
nected to the upper electrode, 1n the third hole; and
forming a fourth contact plug, which is electrically con-
nected to the second contact plug, in the fourth hole and
the second opening.
14. The method for manufacturing a semiconductor device
according to claim 11, wherein
the conductive film 1s either a single layer film made of any
one of a titanmium film, a titanium nitride film, a titanium
aluminum nitride film, an 1ridium film, an 1ridium oxide
f1lm, a platinum film, and ruthenium film, or a laminated
f1lm formed by laminating at least two of these films, and

any one of silicon oxide, silicon nitride, silicon oxynitride,
and alumaina 1s used as the amorphous 1nsulating mate-
rial.

15. The method for manufacturing a semiconductor device
according to claim 12, wherein, when forming the conductive
film, the conductive film i1s also formed over the oxidation
preventive insulating film, and

the first contact plug 1s formed by:

forming an amorphous insulating material film over the

conductive film, and filling the first opening and the first
hole by the insulating material film; and

polishing and removing the conductive film and 1insulating

material film over the oxidation preventive insulating
f1lm, and making the mnsulating material film left 1n the
first opening and the first hole into the filler body.

16. The method for manufacturing a semiconductor device
according to claim 12, wherein the first contact plug 1s formed
by:

forming a lower plug 1n the first hole; and

forming an upper plug in the first opening, the upper plug

being electrically connected to the lower-level plug and
constituting the first contact plug together with the lower

plug.
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17. The method for manufacturing a semiconductor device
according to claim 16, wherein

the lower plug 1s formed by:
forming a conductive material film over the conductive

film; and

polishing the conductive material film to leave the conduc-
tive material film only in the first hole as a lower filler
body, and making the lower filler body and the conduc-
tive film 1nto the lower plug, and

the upper plug 1s formed by:

forming an upper conductive film over an inner surface of

the first openming and over an upper surtace of the oxida-
tion preventive isulating film;

forming an amorphous insulating material film, which has

a thickness to fill the first opening, over the upper con-
ductive film; and

polishing the upper conductive film and the insulating

material film to remove them from an upper surface of
the oxidation preventive insulating film and to leave the
insulating material film 1n the first opening as an upper
filler body, and making the upper filler body and the
upper conductive film 1nto the upper plug.

18. The method for manufacturing a semiconductor device
according to claim 16,wherein the lower plug 1s formed at the
same time when the second contact plug 1s formed.

19. A method for manufacturing a semiconductor device,
comprising:

forming a first impurity diffusion region in a surface layer

of a semiconductor substrate;

forming a first insulating film over the semiconductor sub-

strate;

forming a first hole 1n the first insulating {ilm over the first

impurity diffusion region by patterning the first insulat-
ing film;
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forming a conductive film over an upper surtace of the first
insulating film and an inner surface of the first hole;

forming a conductive material {ilm, which has a thickness
to fill the first hole, over the conductive film;

forming a lower filler body made of the conductive material
{1lm 1n an intermediate depth of the first hole by reducing
a thickness of the conductive material film:

forming an amorphous insulating material film over the
lower filler body and the conductive film;

polishing each of the conductive film and the isulating
material film to remove them from the upper surface of
the first insulating film and to leave the 1insulating mate-
rial film in the first hole as an upper filler body, and
making the upper filler body, the lower filler body, and
the conductive film into a first contact plug; and

forming a capacitor by sequentially laminating, over the
first contact plug, a lower electrode electrically con-
nected to the conductive film, a capacitor dielectric film
made of a ferroelectric material, and an upper electrode.

20. The method for manufacturing a semiconductor device

according to claim 19, further comprising:

forming a second impurity diffusion region 1n the surface
layer of the semiconductor substrate at a distance from
the first impurity diffusion region,

wherein, when forming the first hole, a second hole 1s
formed 1n the first insulating film over the second 1mpu-
rity diffusion region, and

a second contact plug with a structure same as that of the
first contact plug 1s formed 1n the second hole by carry-
ing out the same method of forming the first contact

plug.
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